Background-Although guidelines in individuals not infected with the human immunodeficiency virus (HIV) consider diabetes mellitus (DM) to be a coronary heart disease (CHD) equivalent, there is little information on its association with CHD in those infected with HIV. We investigated the impact of DM and preexisting CHD on the development of a new CHD episode among 33 347 HIV-infected individuals in the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D Study). Methods and Results-Over 159 971 person-years, 698 CHD events occurred. After adjustment for gender, age, cohort, HIV transmission, ethnicity, family history of CHD, smoking, and calendar year, the rate of a CHD episode was 7.52 times higher (Poisson regression, 95% CI 6.02 to 9.39, Pϭ0.0001) in those with preexisting CHD than in those without preexisting CHD, but it was only 2.41 times higher (95% CI 1.91 to 3.05, Pϭ0.0001) in those with preexisting DM compared with those without DM. No statistical interactions were apparent between either diagnosis and sex; although older people with DM had an increased CHD rate compared with younger people, older people with preexisting CHD had a lower event rate. A statistically significant interaction between preexisting DM and CHD (Pϭ0.003) suggested that the CHD rate in those with preexisting CHD and DM is lower than expected on the basis of the main effects alone.
D iabetes mellitus (DM) is an important risk factor for coronary heart disease (CHD). In the National Cholesterol Education Program guidelines, 1 DM is considered to be a "CHD risk equivalent," which means that it is believed that a diagnosis of DM places a patient at similar risk of a future episode of CHD as a prior CHD episode. Several sources of evidence support this paradigm, 2-5 although others do not. 6 -9 
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In those infected with human immunodeficiency virus (HIV), the underlying cause and origin of DM may differ from that of the general population. For example, DM is a known complication of several antiretroviral therapies, being associated with both short-term 10, 11 and longer-term 12, 13 exposure to some of these drugs. Lipodystrophy is associated with insulin resistance and, in some cases, overt DM. 14 -16 The reported prevalence of DM in HIV-infected populations ranges from 2% to 14%, with differences in prevalence explained by differences in demographic characteristics, lifestyle, and antiretroviral exposure. [17] [18] [19] [20] Among those infected with HIV, the risk of myocardial infarction (MI) is more than doubled in those with DM. 21, 22 With the aging of the HIV-infected population, brought about by an increased life expectancy after the use of combination antiretroviral therapy, the prevalence of DM is likely to increase. A more thorough understanding of the impact of DM on CHD risk in those infected with HIV and how this risk compares with that associated with preexisting CHD may have major public health implications. Thus, the purpose of the present study is to describe the predictive value of preexisting DM and CHD for subsequent CHD events among HIV-infected patients in the Data Collection on Adverse Events of Anti-HIV Drugs (the D:A:D study).
Methods

Study Population
The D:A:D study is a prospective, observational study formed by the collaboration of 11 cohorts following up 33 347 HIV-infected subjects at 212 clinics in Europe, Australia, and the United States. The primary objective of the study is to investigate the possible association between combination antiretroviral therapy and the risk of MI. The D:A:D study methodology has been described in detail elsewhere. 22, 23 
Data Collection
Patients are followed up prospectively during visits to outpatient clinics as a part of regular medical care. At enrollment and at least every 8 months, standardized data collection forms are completed at the sites that provide information relating to physical status; family history of CHD; prior history of cardiovascular disease and DM; cigarette smoking; blood pressure; the use of lipid-lowering, antihypertensive, and antiplatelet therapy; the presence of clinical signs of lipodystrophy as defined by the physician; and serum lipid levels (total cholesterol, HDL cholesterol, and triglycerides, including information on whether values were obtained under fasting conditions), as well as HIV-related information (antiretroviral therapy, CD4 cell counts, HIV viral loads, and dates of diagnoses of all AIDS-defining diseases).
Ascertainment of Outcomes
All incident cases of MI, invasive procedures involving the coronary arteries (angioplasty or bypass), and all deaths (irrespective of cause) are reported to the coordinating office for validation and coding, as described in previous reports from the study. 17, 24 DM has been collected as a secondary D:A:D end point since the start of the study. All prospectively documented cases of DM are verified centrally by the submission of a case report form. New-onset DM was defined in 1 of 2 ways: A definite diagnosis of DM if a fasting plasma glucose Ն7.0 mmol/L (126 mg/dL) was measured on 2 consecutive occasions, or a possible diagnosis if the patient had a physician-reported date of DM onset and was known to have initiated antidiabetes therapy. For the purposes of the present analyses, definite and possible diagnoses were combined.
Statistical Methods
We considered the incidence of a new/recurrent CHD event in patients with or without preexisting CHD at study entry and in patients with or without DM at study entry. For these analyses, a CHD event was deemed to have occurred on the date of the earliest of an MI, an invasive coronary procedure, or death due to CHD. Patients who had already experienced an MI (266 patients) or coronary revascularization (bypass: 52 patients; angioplasty: 131 patients) before study entry were defined as having preexisting CHD. These events were not validated centrally. Follow-up time was counted from the date of study entry to the date of a CHD episode; death due to non-CHD causes; February 1, 2007; or 6 months after the patient's last clinic visit, whichever occurred first. Only the first CHD event during prospective follow-up was considered in the analyses.
In exploratory analyses, the rate of CHD was compared in the 4 groups defined by preexisting CHD and DM at study entry (ie, no CHD or DM; DM but no CHD; CHD but no DM; and both CHD and DM) with multivariable Poisson regression. The subgroup with no preexisting CHD or DM was treated as the reference group for these analyses, which were also adjusted for gender, age, cohort, HIV transmission mode, ethnicity, family history of CHD, smoking, and calendar year. These methods assume that within each calendar period, the risk of a CHD event is constant over time. We then fitted a Poisson regression model that included the main effects of each diagnosis, as well as other potential confounding factors. We explored whether any associations between preexisting DM or CHD and the development of CHD differed by sex and age by incorporating interaction terms with preexisting DM/CHD and female sex and older age (defined as Ͼ45 years in men and Ͼ55 years in women). We then assessed whether the prognostic value of either diagnosis differed according to the presence or absence of the other diagnosis by incorporating an interaction term between the diagnoses.
Sensitivity analyses were performed to assess whether any reported associations were modified by further adjustment for the use of treatments to reduce the risk of CHD (ie, lipid-lowering, antihypertensive, and antiplatelet medication) or by adjustment for the latest HDL cholesterol (log-transformed) and triglyceride measurements, both as continuous time-updated covariates. A further sensitivity analysis assessed the associations between preexisting DM, CHD, and fatal cardiovascular disease, in which this end point was deemed to have occurred if a patient died within 28 days of an MI, stroke, or coronary revascularization. Finally, sensitivity analysis considered a narrower CHD outcome that was based on the development of MI or CHD-related death only (ie, coronary revascularization events were excluded from the outcome).
As a further analysis, we then assessed whether the association between DM and the development of CHD differed according to the length of time that an individual had been diagnosed with DM. For these analyses, we included all preexisting diagnoses of DM at study entry and new diagnoses of DM that occurred over prospective follow-up. Patient follow-up time and the occurrence of events were classified into 4 groups according to the time since DM diagnosis: (1) No diagnosis of DM; (2) a diagnosis of DM after study entry but in the last 2 years; (3) a diagnosis of DM after study entry but Ͼ2 years previously; and (4) a diagnosis of DM before study entry. This variable was incorporated into a Poisson regression model as a time-updated covariate to allow patients to move between categories as the time from their DM diagnosis lengthened, and it was adjusted for all variables listed previously, including CHD at baseline.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Of the 33 347 patients included in the study, 352 (1.1%) had preexisting CHD at study entry and 952 (2.9%) had preexisting DM. When split into the 4 groups defined on the basis of the presence or absence of each of these diagnoses at study entry, 296 (0.9%) patients had CHD but no DM, 896 (2.7%) had DM but no CHD, and 56 (0.2%) had both diagnoses at study entry. The characteristics of patients at entry into D:A:D, stratified by their CHD and DM status, are shown in Table 1 .
Patients with either DM or CHD at entry in D:A:D were more likely to be male and were older than their counterparts without these events at study entry. Patients with DM or CHD also had higher levels of total cholesterol and triglycerides and lower HDL cholesterol levels than those without these events, and those with CHD in particular had received more medical interventions with lipid-lowering, antiplatelet and antihypertensive drugs. Greater proportions of patients with DM or CHD had lipodystrophy. Patients with preexisting CHD were more likely to have a family history of cardiovascular disease than those without preexisting CHD. Although exposure to antiretroviral therapy was generally greater in those with preexisting CHD or DM, the differences in duration of exposure were relatively small.
Incidence of CHD
Overall, 698 patients experienced an episode of CHD over 159 971 person-years of follow-up (rate 4.4 per 1000 personyears, 95% CI 4.0 to 4.7). The distribution of events, stratified by the 4 baseline groups, is shown in Table 2 .
Among patients with preexisting CHD, the rates of a recurrent CHD episode were 101.9 (95% CI 58.3 to 145.5) and 76.4 (95% CI 60.8 to 92.0) per 1000 person-years, respectively, in those with and without DM at study entry. Conversely, in patients without preexisting CHD, the rates of a new CHD episode were 16.4 (95% CI 12.5 to 20.3) and 3.4 (95% CI 3.1 to 3.6) per 1000 person-years, respectively, in those with and without DM at study entry. Compared with patients with no preexisting CHD or DM (the reference group), patients with preexisting CHD were at substantially higher risk of experiencing a recurrent episode of CHD regardless of whether they did (adjusted relative risk [RR] 11.66, 95% CI 7.42 to 18.32, Pϭ0.0001) or did not (adjusted RR 9.04, 95% CI 7.10 to 11.49, Pϭ0.0001) have DM at study entry ( Figure) . In contrast, the increased risk of an event in those who had preexisting DM but no CHD at study entry, although statistically significant, was smaller (adjusted RR 3.03, 95% CI 2.34 to 3.93, Pϭ0.001). In a regression model that included the main effects of each covariate (and adjustment for other confounders), the adjusted relative risk of a recurrent CHD episode associated with preexisting CHD was 7.52 (95% CI 6.02 to 9.39, Pϭ0.0001) whereas that associated with preexisting DM was 2.41 (95% CI 1.91 to 3.05, Pϭ0.0001). In these models, there was no evidence that the association between DM and the risk of CHD differed according to sex (P value for interaction with female sex 0.85), although the association between DM and CHD appeared to be stronger in older people than in younger people (RR in older people 2.48, 95% CI 1.93 to 3.18; RR in younger people 1.88, 95% CI 0.97 to 3.66; P for interactionϭ0.004). In contrast, although there was no evidence that the association between preexisting CHD and the risk of a subsequent CHD event differed according to sex (P for interac- To more formally investigate whether the effect of each diagnosis on a subsequent event differed according to the presence or absence of the other diagnosis, we included a statistical interaction term between the 2 diagnoses. The statistical interaction between the 2 was significant (interaction RR 0.43, 95% CI 0.25 to 0.75, Pϭ0.003), which suggests that the rate of CHD in those with CHD and DM at study entry was lower than would be expected on the basis of the main effects alone. Further analyses then explored the effect of incorporating the use of medical interventions (lipidlowering therapy, antihypertensive, and antiplatelet medication) and, in a separate model, the impact of adjustment for the latest triglyceride and HDL cholesterol levels; neither adjustment altered our main conclusions (data not shown).
When we considered associations with fatal cardiovascular disease (242 events), we again found a greater impact of preexisting CHD compared with that of DM, although differences were smaller than in the main analysis (Table 3) . Compared with patients without preexisting DM or CHD, those with preexisting CHD were at 4.61 times (95% CI 2.82 to 7.53, Pϭ0.0001) the risk of a new event if they did not have preexisting DM and at 11.12 (95% CI 5.75 to 21.50, Pϭ0.0001) times the risk if they did. Patients without preexisting CHD but with DM were at 2.82 (95% CI 1.84 to 4.32, Pϭ0.0001) times the risk of a new event compared with those with neither diagnosis at baseline.
Additional sensitivity analyses in which coronary revascularizations were excluded as a component of the composite end point (Table 3 ) again reached similar conclusions: Patients with preexisting CHD were at a much higher risk of a recurrent episode of CHD regardless of whether they did (10.62, 95% CI 6.04 to 18.67, Pϭ0.0001) or did not (4.73, 95% CI 3.32 to 6.75, Pϭ0.0001) have DM at study entry. In contrast, those with preexisting DM but not CHD at study entry were at 2.95 (95% CI 2.23 to 3.91, Pϭ0.0001) times the risk of those with neither diagnosis at study entry.
Impact on Development of CHD of New Diagnoses of DM
When all diagnoses of DM (including those that occurred during follow-up) were incorporated, the CHD rate was 3.8 (95% CI 3.5 to 4.1) per 1000 person-years among patients who were not diagnosed with DM. The CHD rate was higher among patients diagnosed with DM, and this rate appeared to increase with longer duration of DM; specifically, the rate was 8.2 (95% CI 4.5 to 13.8) per 1000 person-years among patients followed up within the first 2 years after DM diagnosis, 11.6 (95% CI 6.2 to 19.9) per 1000 person-years among those followed up for Ͼ2 years after DM (but in whom the diagnosis was made after entry in D:A:D), and 20.5 (95% CI 16.2 to 24.8) per 1000 person-years among patients with DM before entry in D:A:D. In multivariable analysis, the adjusted RR of a CHD event associated with recent (ie, in the last 2 years) DM diagnosis was 1.35 (95% CI 0.79 to 2.31, 
Discussion
The D:A:D study currently contains information on Ͼ33 000 HIV-infected patients followed up for almost 160 000 personyears. Although the increased risk of a CHD event associated with preexisting CHD was substantially greater than that associated with DM, which appears not to support the paradigm that DM is a CHD risk equivalent in this population, both diagnoses were associated with a substantial increase in risk. Thus, there is a need for targeted interventions to reduce the risk of CHD events in these 2 high-risk groups. In particular, the present finding that the risk of CHD increased with longer duration of DM emphasizes the importance of regular screening for this potentially modifiable condition.
Although the present findings appeared to show a weaker association between DM and CHD than between preexisting CHD and subsequent CHD events, several points should be taken into consideration. First, unlike the participants in the general population studies that have considered this issue, who were often in their 50s, the HIV-infected patients included in the D:A:D study are younger (usually in their 30s or 40s). As in the HIV-uninfected population, age is an important risk factor for both DM and CHD in those with HIV infection, 21, 23 and the relative prognostic importance of these 2 diagnoses may change as the population ages. Second, DM in HIV-infected individuals is not only caused by the mechanisms seen in the general population (eg, obesity, physical inactivity, and genetic predisposition) but may also result from the use of antiretroviral therapy. Drugs from both the protease inhibitor and nucleoside reverse transcriptase inhibitor classes may each contribute to insulin resistance and DM through different mechanisms. 16, 25, 26 The mitochondrial dysfunction caused by the thymidine analogues within the nucleoside reverse transcriptase inhibitor drug class results in insulin resistance both in healthy volunteers and in HIVinfected patients even in the absence of overt lipodystrophy. [27] [28] [29] In addition, the HIV-infected population has a different risk profile for both DM and CHD than the general population, with a greater prevalence of smoking 22, 30, 31 and coinfection with hepatitis C virus 32, 33 but a lower prevalence of obesity. 30 Third, in the present study, the risk of CHD increased with longer duration of DM. The relatively recent onset of DM (an average time since diagnosis of 5 years) may be insufficient to cause macrovascular damage, which would result in a weaker association between DM and CHD than that seen in the general population. 34 -36 Indeed, studies of recently diagnosed diabetic patients tend to report weaker associations with CHD. 37, 38 If the CHD outcomes are restricted to fatal events, then it is likely that any apparent impact of DM will be greater, 4, 5, 39 as we have also reported here in a sensitivity analysis.
Compared with patients without preexisting CHD, patients with a history of CHD had received more "prophylactic" interventions, including invasive cardiovascular disease procedures, lipid-lowering drugs, and antihypertensive medication; however, the use of these interventions remained suboptimal in these high-risk individuals, particularly in those with DM. Adjustment for the use of these interventions did not modify our conclusions. Furthermore, a sensitivity analysis in which we excluded coronary revascularizations from the composite end point reached similar conclusions.
We found that although the association between DM and CHD was stronger in older people than in younger people, the opposite was true for the association between preexisting and recurrent CHD. Although it is possible that this association may simply reflect a chance finding, older people with preexisting CHD may survive for a shorter time after their initial CHD event than younger individuals, leaving them at risk of a new event for less time. Alternatively, the use of secondary interventions 40 may be more common in older people, leading to a reduction in risk.
Study Limitations
The present study definition of definite DM is conservative compared with the definition recommended in the American Diabetes Association guidelines, 41, 42 which could have led to an underestimation of the number of DM events in the present study. Unfortunately, the D:A:D study does not collect detailed data on insulin resistance or anthropometrics, which means that we were unable to investigate whether some patients not having DM actually had pre-DM, which may also increase the risk of CHD. 37 In conclusion, both DM and preexisting CHD are important risk factors for subsequent CHD events in the HIVinfected population. There is evidence to suggest that DM is becoming an increasing problem among those infected with HIV, and we have recently reported an increase of DM among patients under follow-up from 3.8% in 1999/2000 to 5.2% in 2005/2006. 43 Furthermore, we recently reported that only one fifth of patients with DM in the D:A:D study who were not taking lipid-lowering drugs initiated such primary prevention. 40 Thus, we suggest that targets for interventions among HIV-infected individuals should consider an individual's entire risk factor profile, including their history of CHD and DM.
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